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(57) Abstract: The present invention relates to compounds and composi- 
tions for treating diseases associated with cysteine protease activity. The 
compounds aie reversible inhibitors of cysteine proteases S. K, F. L and B. 
Of particular interest are diseases associated widi Cathepsin S. In addition 
this invention also disctoses processes for the preparation of such inhibitors. 
(D in which: A is a 6-merabered ring optionally containing a double bond 
and optionally containing an oxygen atom or NR group in the ring; 
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NOVEL COMPOUNDS 



The present invention relates to conq>ounds and compositions for treating diseases 
associated wifli cysteine protease activity. The conq)ounds axe reversible inhibitors of 
cysteine proteases S, K, F, L and B. Of particular interest arc diseases associated with 
Cathqjsin S. In addition this invention also discloses processes for the preparation of such 
inhibitors. 

BACKGROUND OF THE INVENTION 

Cathqpsin S is a member of the papain siq)erfamily of cysteine proteases which also 
encompasses Cathepsins B, H, L, O and K. Cathq)sin S plays a key role in the processing 
of invariant chain in MHC class U complexes allowing the complex to associate with 
antigenic pq)tides. MHC class II complexes are dien transported to the surface of the cell 
for presentation to effector cells such as T cells. The process of antigen presentation is a 
fundamOTtal stq) in initiation of the immune response. In this respect inhibitors of 
cathepsin S could be useful agents in the treatment of inflanunation and immune disordras 
such as, but not limited to, asthma, rheumatoid arthritis, multiple sclerosis and Crohn's 
disease. Cathqpsin S has also been implicated in a variety of other diseases involving 
extracellular proteolysis such as the development of emphysema in COPD through 
degradation of elastin and in Alzheimers disease. 

Other Cathepsins notably K and L have been shown to degrade bone collagen and other 
bone matrix proteins. Inhibitors of these cysteine proteases would be expected to be useful 
in the treatment of diseases involving bone resorption such as osteoporosis. 

The presait invention dierefore provides use of a compound of formula (I) 
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(I) 

in which: 

A is a 6-meinhered ring optionally containing a double bond and optionally containing an 
oxygen atom or NR group in die ring; 

R is hydrogen or Ci^ alkyl; 

and R^ are independently, Ci-6 alkyl or cycloalkyl both of which can optionally 
contain one or more O, S or NR^ groups, or R^ and R^ togeflier witfi tiic nitrogen atom to 
which they arc attached form a 3,4-dihydroisoquinoline ring or a 5- or 6-membered 
saturated ring optionally containing a further O, S or N atom and optionally substituted by 
a group -(CH2VR^ where p is 0 to 3 and R^ is C i ^ alkyl, CONR V where R^ and R' are 
indqiendentiy hydrogen. Cm alkyl which can optionally contain one or more O, S or NR 
groups, or together with the nitrogen atom to ^ch they are attached form a 5- or 6- 
membered saturated ring optionally containing a further O, S or NR^ gjcoup; 
or R^ is a 4 to 7-membered saturated ring optionally containing one or more O, S or N 
atoms, or an aryi or heteroaryl group containing one to finir heteioatDms selected from O, 
S or N, the saturated ring, aryi andheteroarjd ffonps all being optionally substituted by 
halogen, amino, hydrojqr, cyano, nitro, caiboxy, CX)NR^R', SOjNR^R*, SO2R , 
trifluoromethyl,NHS02R^NHCOR^ Ci^alkyl,Ci4ialkoxy,SR'orNRWhereR'and 
R**' are independently hydrogen. Cm alkyl or togetfier with flie nitrogen atom to which tiiey 
are attached form a 5- or 6-membered saturated ring optionaUy containing a further O, S or 
NR^ ffoap; 

R^ is hydrogen or Cm alkyl; 



R^ is hydrogen or Cm alkyl; 
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is hydrogen, Ci^ alkyl or C3-6 cycloalkyl both of which can optionally contain one or 
more O, S or NR^ gjcoups or is aiyl or a 5- or 6-membeaped heteroaryl group containing 
one or two heteroatoms selected fiom O, S or N, the aiyl and hetero aryl groiQ)s all being 
optionally substituted by halogen, amino, hydroxy, cyano, nitro, caiboxy, CONR^R^ 
SO2NRV, S0^\ trifluoromethyl, NHS02R^ NHCOR^ Ci^ alkyl, C,^ alkoxy, SR' or 
NR^*® R' and R" are indq)endenfly hydrogen, Ci-6 alkyl or together with the 
nitrogen atom to which they are attached fonn a 5- or 6*membered saturated ring 
optionally containing a further O, S or NR^ group; 

or R^ and R^ together form a 5- or 6-membered saturated ring optionally containing a 
fixrtiier O, S or NR^ groiq) and optionally substituted by , Cm alkyl; 

and pharmaceutically acceptable salts or solvates thCTeo^ in the manufacture of a 
medicamoat for use in the inhibition of Cathepsm S in a warai blooded animal, such as 
man. 

In the context of the present specification, unless otherwise indicated, an alkyl or alkenyl 
group or an alkyl or alkenyl moiety in a substituent group may be linear or branched. Aryl 
groups include phenyl and naphthyl Heteroaryl groups include 5- or 6-membered, 5,6- or 
6,6-fused aromatic rings containing one or more hetm>atoms selected fiom N, S, O. 
Examples include pyridine, pyrimidine, pyrazine, pyridazme thiazole, oxazole, pyrazole, 
imidazole, fuian and thiophene, quinoline, isoquinoline, benzunidazole, bcnzofiiran, 
benzothiophene, indole. 

Certain compounds of formula (I) are enable of existing in stcreoisomcric forms. It will 
be imderstood that ±e invention encompasses all geometric and optical isomers of the 
compounds of formula (I) and mixtures thereof including racemates. Tautomers and 
mixtures thereof also form an aspect of the present invention. 

Suitably A is a 6-membered ring optionally containing a double bond and optionally 
containing an oxygen atom or NRgroiJp in the ring where R is hydrogen or Ci^alk^ A 
double bond can be present in any suitable position of flic ring A. An oxygm atom or MR 
ffoup can be present in any suitable position of flie ring A, in addition to a double bond if 
desired Preferably A is a cyclohexane ring. 
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Preferably and togdher with the nitrogen atom to which they are attached form an 
unsubstituted morpholine ring or a piperidine or piperazine ring substituted by a group - 
(CHa where p and R^ are as dejfined above. Preferably p is 0 and R^ is ar^ or 
heteroaryl optionally substituted as defined above. 

Preforably R^ is hydrogm. 

Preferably R* is hydrogra. 

Preferably R^ is hydrogen, phenyl optionally substituted by Ci^ alkyl or Cm alkoxy 

Preferred compounds of flie invention include: 
(lR,2R>N-[Cyano(2-methoxyphmyl)meth>i]-2-(morpholin-4- 

ylcarbonyl)cycIohexanecarboxainide, 
(lR^R>N-[C^o(2-methoxyphenyl)metiiyl]-2.{[4K^^ 
yl]carbonyl}cyclohexane carboxamide, 

(lR^R)-N-[Cyano(2-methoxyphenyl)m6thyl]-2K3^dihydroi . 

ylcarbonyl)cyclohexane caiboxamide, 

(db) Trans-N-{cyanomethyl>2-{[4-(4-fluorobenzyl)piperazin-l- 

yljcarbon^} cyclohexanecarboxamide, 

(±)Trans-N-[cyano(2-methoxyphenyl)mefliyl]-2-[(4-metiiylp«^^ 
yl)caibonyl]cyclohexanecarfooxaniide» 

(lR^R)-N-[Cyano(2-methoxypheny0mediyl]-2-{[4K4-fluorophe^^^ 

yl]caibonyl}cyclohexane carboxamide, 
(lR^>N-(4-Cyano-I-methylpiperidm-4-yl)-^^ 

yl]caibonyl}cyclohexane caiboxamide, 
(lR,2R>NK4<:yanotetiahydro-2H-pyran-4-yl)-2-^ 
yl]caibonyl}cyclohexane caiboxamide, 

(lR;jR>N-[(lS>l-^yano.3-mcthoxypiopyl]-2-{[4-(4-fluorophenyl)^^ 

yl]carbonyl} cyclohexanecaiboxamide, 

and pharmaceutically acceptable salts thereof. 
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The ptesent invention fiutfaer provides a process for the prq)anition of a compound of 
fonnula (I) which comprises reaction of a conqxnmd of general formula (II) with a 
dehydrating a^t (e.g. phosphorous oxychloride) 



5 




Compounds of formula (D) maybe prepared fix)m compounds of formula (ID) by 
activation of the acid witii an appropriate coiq>ling agent or formation of acid chloride 
followed by reaction with an amine HNR'(CR^^C0NH2 where R^, R"* and are defined 
10 in formula Q) 

reaction of a compound of general formula (m) by activation of tiie acid group with an 
qjpropriate coiq>ling agent or formation of acid chloride followed by reaction with an 
amine HNR^(C3t*R^)C3^ where R^, R^ and R^ are defined in fonnula (I) 

IS 

reaction of a compound of general fonnula (IV), where X= CN or CONH2, by activation of 
the acid gjcoup with an appropriate coupling agent or formation of acid chloride followed 
by reaction with an amine HNR^R^ where R^ and R^ are defined in formula Q) 
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Conqtounds of general fonnula (HI) and (TV) may be prqpaied from compound of general 
fonnula (V) by reaction with an amine of geaeral fonnula HNR^(CR^R^)CN, 
HNR^(CR*R^C0NH2 ^erc R\ and arc defined in fonnula (T) or HNR^R^ where R^ 
and R^ are defined in fonnula (I). 

Compounds of gmeral fonnula (ED) and (IV) may also be prq)ared fiom a compound of 
gmeral fonnula (VI) by activation of the add grotq) with an appropriate coi^Iing agent or 
formation of acid chloride followed by reaction with an amine of general fonnula 
HNR^(CR'*R^CN, HNR^CR^^CONHi where R^, R^ and R^ are defined in formula (I) or 
HNR^R^ where R^ and R^ are defined in formula (I) followed by hydrolysis of the ester. 




According to a further feature of the invention there is provided a compound of the 
formula (I), or a pharmaceutically accq>table salt thereof for use as a thersqiaitic agent 

According to a further feature of flie present invention tha:e is provided a method for 
producing inhibition of a cysteine protease in a warm blooded animal, such as man, in need 
of such treatment, which comprises administering to said animal an effective amount of a 
compound of the present invention, or a pharmaceutically accq)table salt thereof In 
particular &e corrqpounds of the invention are useful in the treatment of inflamm a t ion and 
iirmiune disorders such as, but not limited to, asthma, rheumatoid arthritis, CX)PD, multiple 
sclerosis, Crohn's disease, Alzheimers and pain, such as neuropathic pain. PrefCTably the 
conq>ounds of the invention are used to treat pain, especially nraropatfaic pain. 

The invention also provides a compound of tiie formula (I), or a pharmaceutically 
acc^table salt thereof; for use as a medicament; and the use of a compound of the fonnula 
(I) of the present invmtion, or a pharmaceutically acceptable salt thereof^ in the 
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manufacture of a medicamait for use in the inhibition of a cysteine protease in a warm 
blooded animal^ such as man. 

In particular the invention provides the use of a compound of the formula (T) of the present 
invration, or a pharmaceutically acceptable salt tfaoreo^ in the manufecture of a 
medicament for use in the inhibition of Cathepsin S in a warm blooded animal, such as 
man. In order to use a compound of the formula (I) or a pharmaceutically acceptable 
salt thereof for the therapeutic treatment of mammals including humans, in particular in die 
inhibition of a cysteine protease, it is normally formulated in accordance with standard 
pharmaceutical practice as a pharmaceutical conq>osition. 

Therefore in another aspect ttie present invention provides a pharmaceutical conqwsition 
which comprises a compound of the formula (I) or a pharmaceutically accq)table salt 
thereof and a pharmaceutically acceptable diluent or carrier. 

The pharmaceutical compositions of this invention may be administered in standard 
manner for the disease condition that it is desired to treat, for example by oral, rectal or 
parenteral administration. For these purposes the compounds of this invention may be 
formulated by means known in the art into the form of; for example, tablets, capsules, 
aqueous or oily solutions or suspensions, Oipid) emulsions, dispersible powders, 
suppositories, ointments, creams, drops and stenle mjectable aqueous or oily solutions or 
suspensions. 

A suitable pharmaceutical composition of this invmtion is one suitable for oral 
administration in unit dosage form, for example a tablet or capsule which contains between 
100 mg and 1 g of the con[q)ound of this invention. 

In anodiCT aspect a pharmaceutical composition of the invention is one smtable for 
intravenous, subcutaneous or intramuscular injection. 

Each patient may receive, for example, an intravenous, subcutaneous or intramuscular dose 
of 1 m^g"* to 100 mgkg** of the con?)ound, preferably m Ac range of 5 mgkg * to 20 
m^g -' of this invOTtion, die composition being administ^ 1 to 4 times per day. The 
intravenous, subcutaneous and intramuscular dose may be given by means of a bolus 
injection. Alternatively the intravenous dose may be given by continuous infusion over a 
period of time. Alternatively each patimt will receive a daily oral dose which is 
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approximately equivalent to the daily parenteral dose, the composition being administered 
1 to 4 times per day. 

The following illustrate represmtative pharmaceutical dosage forms containing the 
s compound of formula (I), or a pharmaceutically-accq>table salt thereof (hereafter 
conqx>und X), for fliCTpeutic or prophylactic use in humans: 
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Tablet I 


me/tablet 


Compound X. 


100 


Lactose Ph.Eur. 


179 


Croscannellose sodhim 


12.0 


PolyvinylpyrTolidone 


6 


Maenesium stearate 


3.0 




Tablet n 


me/tablet 


Compound X 


50 


Lactose PLEur, 


229 


Croscaimellose sodium 


12.0 


Polyvinylpyrrolidone 


6 


Maenesium stearate 


3.0 


(c\ 


Tablet ffl 


me/tablet 


Compound X 


1.0 


Lactose PLEur. 


92 


Croscannellose sodium 


4.0 


Polyvinylpyrrolidone 


2.0 


Maenesium stearate 


1.0 




Capsule 


m^capsule 


Compound X 


10 


Lactose PLEur. 


389 


Croscarmellose sodium 


100 


Maenesium stearate 


1. 




biection I 


(SO me/ml> 


Compound X 


5.0% w/v 


Isotonic aqueous solution 


to 100% 
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Buffers, phaimaceutically-acceptable cosolvrats such as polyethylene glycol, 
polypropylene glycol, glycerol or ethanol or complexing agents such as hydroxy-propyl p 
cyclodextrin may be used to aid fonnulation. 
Note 

The above formulations may be obtained by conventional procedures well known in the 
pharmaceutical art The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate. 

The following examples illustrate the invention. 
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Example 1 

(lR^R)-N-ICyano(2-methoxypheny0methyll-2<moipholto 
ylcarbonyl)€ydohexanecarboxamide 

©(lR;iR)-2-({[Cyano(2-methoxyphcnyl)methyllamino}c^ 
cydohexanecarboxylic add 

A mixture of (3aR,7aR>hexahydro-2-ben2X)fiiran-l,3-dione (3.64g), N^- 
diisopropylethylaminc (7.63g) and (i) 2-(2-methoxyphenyl)aininoacetomtrile 
hydrochloride (4.7g) in tetiahydrofuran (50ml) was stirred at room temperature for 6 
hours. The solvmt was removed under reduced pressure and the residue dissolved in water. 
The cooled (0**C) aqueous solution was acidified by dropwise addition of dilute aqueous 
hydrochloric add and the resultant nuxture extracted widi ethyl acetate. The organic laya- 
was washed with aqueous brine, dried (MgS04), and cv^orated under reduced pressure. 
The residue was purified by tritration with diethyl ethw (100ml) foUowed by etfijd acetate 
(3 X 30ml). Yield 1.5g 

MS:APa(+ve)317(M+l) 

Cii)(lR^R)"N-ICyano(2-methoxyphenyl)methyIl-2-(morpholin-4- 
ylcarbonyl)cyclohexanecarboxaniide 

A solution of tiie product fiom step (i) (0.35g), morpholine (0.14g), NJ^- 
diisopropylethylamine (0.36g)and 1-hydroxybenzotriazole (0:i2g) in tetrahydrofuran 
(10ml) was treated wiA N-(3-dimethylaminopropyl)-N'-ethylcaibodiimide hydrochloride 
(0.32^ and stirred for 6 hours at room temperature. The nuxture was partitioned between 
cfliyl acetate and aqueous brine, the organics dried (MgS04) aud evaporated under reduced 
pressure. The residue was purified by chromatogr^hy on silica, eluting with a nuxture of 
ethyl acetate (75%) and isohexane (25%). Yield 0.05g 



MS: APCI(+ve) 386(M+1) 
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IH NMR: (CDQa) 8 7.37-7^9(2H. m). 6.96-6.92(3H. m). 6.07(1H. d), 3.97(3H, s), 3.53- 
329i(SH, m), 3.16.3.12(2H, m), 2.77-1.63(2H, m), 1.95(1H, d), 1.84-1.58(4H, m), 1.46- 
I.26(3H,m). 

Examples 2 and 3 

Examples 2 and 3 were prepared according to the gmetalmediod of exaii:q)le 1 using the 
a|>pn>priate amines 

Example 2 

(lR^R)-N-[Cyano(2-meflioxyphenji)methyl]-2-{[4-(4-fluorobenzy])piperazin-l- 
yI]carbonyl}cycIohexane carboxamide. 

MS: APCI(+ve) 493(M+1) 

IH NMR: (CDCI3) 5 7.37-7.21(4H. m), 7.03-6.92(5H. m). 6.06(1H, d), 3.96(3H. s), 3.36- 
3.31(5H. m), 3.20-3.10(lH, m), 2.73-2.66(2H. m), 2.29-2.25(2H. m), 2.20-2.12(lH. m), 
1.95-1.60(6H, m), 1.40-1.20(3H, m). 

Example 3 

(lR,2R)-N-[Cyano(2-mcthoxyphcnyl)mcthylJ-2-(3,4-dihydroisoqulnolln-2(lH)- 
ylcarbon]^)cyclohexane carfooxamlde 

MS: APCI(+ve) 432(M+1) 

IH NMR: (DMSO.d6) 5 9.06-8.97(lH, m). 7.42-7.32(2H, m), 7.23-6.93(6H, m). 6.03- 
5.93(1H, m), 4.73^.38(2H. m). 3.8 1,3.73(3H, 2 x S). 3.80-3.40(2H, m), 3.00-2.55(4H, m). 
1.92-1.69(4H.m). 1.38-1.17(4H,m). 

Example 4 

(±)Trans-N-(cyanomethyO-2-{I4-(4-fluorobeiia5yl)plperajan-l- 
yl)carbonyl}cyclohexanecarboxamide 
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A mixture of (±)traiis-l,2-cyclohexanedicarboxylic anhydride (0.4g), N^- 
diisopropylethyiamine (0.34g) and l-(4-£luon)benzyl)pipOTzine (0.5g) in tetrahydrofuran 
(ISml) was stiired at room tempeiature for 18 hours. At the end of this time the reaction 
mixture was treated with further N^-diisopropylcth^amine (0.84g) followed by 
aminoacetonitrile hydrochloride (0.36g), l-hydn>xyb«izotriazole (0.53g) and finally N-(3- 
dimethylaminopropyl)-N'-ethylcaibodiimide hydrochloride (0.75g). The mixture was 
stirred for 18 hours and subsequently partitioned betwem cAyl acetate and aqueous 
sodium bicarbonate, the organics dried (MgS04) and evaporated under reduced pressure. 
Tbe residue was purified by chromatography on silica, cluting with a mixture of 
triethylamine (0.6%), metiianol (2%) and dichloromethane (97.4%). Yield 0.045g 

MS: APCI(+ve) 387(M+1) 

IHNMR: (DMSO-d6) 5 8.46(1H, t), 7.36-7.31(2H, m), 7.17-7.11(2H, m), 4.03(2H, d), 
3.50-3.35(6H, m), 2.90-2.80(lH, m), 2.41-2.24(4H. m), 1.80-L77(1H, m). 1.73.1.65(3H, 
m),1.32-l.l5(4H,m). 

Example 5 

(db)Trans-N-[cyano(2-methoxyphcnyI)methyll-2.[(4-methylpiperarin-l- 
yQcarbonyllcycIohexanecarboxamide 

(!) (i) Trans-2-({[cyano(2-methoxyphenyI)methyllamino}carboiiyl) 
cydohexanecarboxylic acid 

A mixture of (±) trans-l,2-cyclohexanedicarboxylic anhydride (3.0g), NJ^- 
diisopropylethyiamine (5.03g) and (±) 2-(2-methoxyphenyl)aminoacetomtrile 
hydrochloride (3.87g) in tetrahydrofuran (50ml) was stirred at room temperature for 18 
hours. The solvent was removed under reduced pressure and the residue dissolved in water. 
The cooled {O^'Q aqueous solution was acidified by dropwise addition of dilute aqueous 
hydrochloric acid and the resultant mixture extracted with ethyl acetate. The organic layer 
was washed with aqueous brine, dried (MgS04), and evaporated under reduced pressure. 
The residue was purified by tritration with ethyl acetate (2 x 30ml). Yield 0.53g 
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MS:APa(4vc)317(M+l) 

Oa)(lR^R)-N-[Cyatto(2-methoxyphcn3d)methyll-2-[(^ 
yl)carboiiyI]cycIohexane carboxamide 

A solution of the product from step (i) (0.38g), l-mcflijdpiperazme (0.18g), N,N- 
diisopropylethylamine (0.23g) and 1-hydroxybenzotriazole (0.24g) in l-niefliyl-2- 
pynolidinone (10ml) was treated with N<3Klimethylaminopropyl>N'-ethyl<aibodiiniide 
hydrochloride (0.35g) and stirred for 4 hours at room temperature. ITie mixture was 
partitioned between ethyl acetate and aqueous sodium bicarbonate, the organics washed 
with aqueous brine (x3), dried (MgS04) and ev^orated under reduced pressure. The 
residue was purified by chromatography on silica, eluting witii a mixture of triethylamine 
(0.4%), methanol (4%) and dichloromcthane (95.6%) followed by titration of the resultant 
product with diethjd ether . Yield 0.035g 

MS: APa(+ve) 399(M+1) 

IH NMR: (DMS0-d6) 6 8.99(1H, d), 7.44-738(2H, m), 7.09(1H, d), 7.00(1H, t), 
6.00(1H, d), 3.85(3H, s), 3.44-3.40(2H. m), 2.90-2.82(lH, m), 2.70-2.62(lH, m), 2,24- 
2.21(2H, m), 2.11-2.08(4H, m), 2,03-2.01(lH, ra), 1.87(1H, d), 1.76-1.66(3H, m), 1.36- 
1.17(4H,m). 

Example 6 

(lR,2R)-N-[Cyano(2-methoxyphenyl)methyll-2-{[4-(4-auorophenyl^^^ 
yl]carbonyI}cyclohexane carboxamide 

ffl Methyl (lR^R)-2-{[4-(4.fluorophcnyl)piperarln-l-yllcarbonyl} 
cydohexanecarboxylate 

A solution of (IR, 2R)-cyclohexane 1,2-dicarboxylic acid mono-methyl ester (l.Og) in 1- 
methyl-2-pyrrolidinone (20ml) was treated with NJ^-diisopropylethylamine (1 .73g) 
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followed by H4-fIuon)pheDyl)pipeFazine (1.45g) and l-hydroxybeozotiiazole (1.09g). 
The lesultant mixture was then treated with with N-(3- dimethylaminopropyl)- N*- 
ethylcarbodiimide hydrochloride (l.SSg) and stirred for 18 hours at room tonperature. The 
mixture was partitioned between ethyl acetate and water, the organics washed wifli water 
(x3)» dried ^gS04) and evaporated und^ reduced pressure. The residue was purified by 
chromatography on silica, eluting with a mixture of efh^ acetate (45%) and isohexane 
(55%). Yield 1.4g 

MS:APa(+ve)349(M+l) 

(ii)(lR,2R)-2-{I4-(4-HnorophenyI)pipera2in-l-yllcarbonyl}cycIohexanecarboxyUc 
acid 

A solution of the product from step (i) (1 . Ig) in metiianol (40ml) was treated with a 
solution of sodium hydroxide (0.25g) in water (20ml) and the resultant mixture heated at 
50**C for 24 hours. The solvent was removed under reduced pressure and the residue 
dissolved in water and washed with diethyl edier, the aqueous layer was acidified by 
addition of glacial acetic acid and extracted with efliyl acetate (x2). The combined ethyl 
acetate layers were washed with aqueous brine, dried (MgS04) and evaporated undo: 
reduced pressure. The residue was purified by titration with dieAyl ether. Yield 0.9g 

MS: APa(+ve) 335(M+1) 

(ilO(lR^R)-N-[Cyano(2-methoxyphenyl)methyll-2-{[4-(4-fluorop^ 
yllcarbonyl} cydohexanecarboxamide 

A solution of the product from step (iii) (0.35g) in dichloromethane (10ml) at O^'C was 
treated with (±) 2-(2-methoxyphenyl)aminoacetonitriIe hydrochloride (0.25g) and N,N- 
diisopropylethylamine (0.54g) followed by 0-(7-AzabenzotriazoH-yl)-N,N^'^*- 
tetramethyluronium hexafluorophosphate (0.44g). The mixture was stirred at O'^C for 1 
hour and then at room temperature for 18 hours. The mixture was partitioned between 
ethyl acetate and water, the organics washed wifli water, dried (MgS04) and evaporated 
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under reduced pressure. The residue was purified by chromatogrsphy on silica, etuting 
with a mixture of ediyl acetate (67%) and isohexaae (33%). Yield 0J27g 

MS: APCI(+ve) 479(M+1) 

IH NMR: (CDCI3) 6 739-723(10, m), 7.01-6.77(7H. m), 6.06-5.97(lH, m), 3.97- 
3.95(4H, m), 3.80-3.36(4H, m). 3.19-3.15(1H, m), 3.10-2.47(5H. m), 1.98-1.75(3H, m), 
1.65-1.26(4H,m). 

Examples 7 and 8 

Examples 7 and 8 were prepared according to the general metttod of example 6 step (iii) 
iising the appropriate amines. 

Example? 

(lK^R)-N-(4-Cyanotetrahydro-2H-pyiwi-4-yI)-2-{(4-(4-fluorophenyl)piperazin-^ 
yl]cari»onyl}cyclohexane carboxamide 

MS: APC3(+ve) 443(M+1) 

IH NMR: (CDCI3) 8 7.00-6.94(2H, m), 6.89-6.85(2H, m), 6.32(1H, s), 3.90-3.80(3H, m). 
3.78-3.59(5H, m), 3.16-3.12(1H, m), 3.09-3.00(3H, m), 2.92-2.86(lH, m), 2.70-2.64(lH, 
m), 2.46-2.42(lH, m), 2.22-2.19(lH, m), 1.94-1.82(6H. m), 1.69-1.63(1H, m), 1.49- 
1.30{3H,m). 

Example 8 

(lR^R)-N-(4-Cyano-l-methylpiperidln-4-y^2-{[4-(4-flttorophenyl)piperazui-l- 
yl]carbonyl}cydohexane carboxamide 

MS: APCI(+ve) 456(M+1) 

IHNMR: (CDCI3) 5 7.00-6.94(2H, m), 6.90-6.85(211, m), 6.20(1H, s), 3.90-3.85(lH, m), 
3.80-3.75(lH, m), 3.70-3.60(2H, m), 3.18-3.13(lH,m), 3.09-3.04(3H, m), 2.91-2.85(1H. 
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m), 2.73-2.61(3H, m), 2.49-235(3H. m), 229(3H. s), 2^8-2^1H, m), 1.90-L81(6H, m), 
1.70.1.60(1H, m), L50-L32(3H, m). 

Example 9 

(lR^R)-N-[(lSH-<7ano-3-meliioxypropyl]-2-{[4<4-flaoroph^ 
yl]carbonyl}cyclohezaaecarboxaiiiide 

(i) N~2^(tert-batoxycarboDyQ-<)-methyl-I^bomoserinaiiiide 

A solution of Boc-O-mcthyl-L-homoserine (7.75g) in dichloromettiane (100ml) was 
treated with carbonyldiimidazole (6.46g) and the mixture stined for lb at room 
temperature. At the end of this time concratrated aqueous ammonia (20ml) was added and 
stirring continued for a further 40min. The reaction mixture was washed with water 
followed by dilute aqueous sodium hydroxide and then with aqueous brine before being 
dried (MgS04) and eveqporated under reduced pressure. Yield 2.9g 

IH NMR: (DMS0-d6) 5 7.22(1H, s), 6.94(1H, s), 6,76(1H, d), 3.94-3.88(lH, m), 3.20(3H, 
s), 1.87-1.83(1H, m), L69-1.64(1H, m), 1.38(9H, s). 

(ii) O-Methyl-L-homoserinamide hydrochloride 

A solution of the product fiom step (i) (2.9g) in 1,4-dioxane (3Qml) was treated with a 4.0 
molar solution of HQ in l,4^oxaDe (15ml) and the mixture allowed to stand for 18h at 
room tempcxBtuxt. The resultant precipitate was filtered off and washed with diethylether. 
Yield 1.84g 

IH NMR: (DMS0-d6) 5 8.20(3H, s), 7.94(1H, s). 7.54(1H, s), 3.76(1H, s), 3.46-3.37(2H, 
m), 3.24(3H, s), 2.05-1.90(2H, m). 

Cm)(lR^R)-N-[(lS)-l-Carboxaiiude-3-methoxypropyl]-2-{[^^ 

fluorophenyl)piperazin-l-*yl]carbonyl}cyclohexanecarboxaailde 

A solution of the product tcom step (ii) (0.36g) in l-methyl-2-pyrrolidinone (15ml) was 

treated with N^-diisopropylethylamine (0.93g) foUowed by (1R;ZR)-2-{[4-(4- 

fluorophenyl)pipera2in-l-yl]caibonyl}cyclohexanecarboxylic acid (prepared as described 

in Example 6, step (ii)) (0»6g). The reaction mixture was cooled to 0°C and treated with O- 

(7-A2aben20triazoH-yl)-N,N,N\N*-tetramethylun)ni\mi he3cafluorophosphate (0.75g). 
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The mixture was stirred at 0°C for Ih and then at room tempaature for 18h. The mixture 
was partitioned betwe«i ethyl acetate and water, tibie organics washed with water (x3), 
dried (MgS04) and evaporated under reduced pressure. The residue was purified by 
trituration widi diedijde&er. Yield 0.40g 

MS: APCI(+ve) 449(M+1) 

Ov)(lI^2R)-N-I(lS)-l-Cyano-3-metho3gTiropyll-2-{[4K4-fluorophenyl)^^^ 
yl]carbonyl}cyclohexanecarboxainide 

Oxalyl chloride (0.34g) was added dropwise to N,N-dimethylformaniide (10ml) at 0**C and 
the mixture stin^ at this temperature for 5 minutes. Pyridine (0.42g) was thai added and 
stirring continued for a further 5 minutes. At the end of this time the mixture was treated 
dropwise with a solution of the product of step (iii) (O.S9g) in N^-dimethylformamide 
(Sml). After stirring for 2 hours at 0°C the mixture was partitioned between cdiyl acetate 
and water, die organics washed with water, dried (MgS04) and evsqporated under reduced 
pressure. The residue was purified by chromatography on silica, eluting with a mixture of 
ethyl acetate (80%) and isohexane (20%). Yield 0.21g 

MS: APCI(+ve)431(M+l) 

IHNMR: (DMS0-d6) 8 8.57(1H, d), 7.08-7.03(2H, m), 6.99-6.94<2H, m), 4.71(1H, q), 
3.70-3.58(3H, m), 3.50-3,47(lH, m), 3.37-3.30(2H, m), 3.17(3H, s), 3.08-3.00(3H, m), 
2.96-2.89(2H. m). 2.57"2.49(1H, m). 1.98-1.68(6H, m), L38-L20(4H, m). 



Measarement of Catibtepsin S activity. 

QFRET Technology (Quenched Fluorescent Resonance Energy Transfer) was used to 
measiuie the inhibition by test con:qx>unds of Cadiepsin S-mediated cleavage of the 
synthetic pq)tide Z-Val-Val-Arg-AMC. Compounds were screened at five concentrations 
in duplicate and the pICso values rqwrted 

Synthetic substrate, 20nM [final]Z-Val-Val-Arg-AMC in phosphate bufiBsr were added to 
a 96 well black Optiplate. The assay plates were pre-read for compound auto fluorescence 
on SpectraMax Gemini at 3S5nM excitation and 46QnM raiission. 250pM [final] rHuman 
Cathepsin S in phosphate buffer was added and incubated for 2h at room temperature on 
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the SpectraMax Geirdni, taking readings every 20min at 355nM excitation and 460nM 
emission. 

Activity Based template (SPTB-8) used the auto fluorescrat coxrected data to calculate tiie 
percentage inhibition for each compound concentration using the relevent plate conliols. 
This data was used to construct inhibition curves and pICso estimated by non-linear 
regression using a 4 paramet^ logistic model. 
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CLAIMS 

1 . Use of a conipound of fonnula (1): 




CD 

in which: 

A is a 6-memhered ring optionally containing a double bond and optionally containing an 
oxygen atom or NR group in ttie ring; 

R is hydrogen or Cm alkyU 

and R^ are independently, Ci-6 alkyi or Ca^ cycloalkyl both of which can optionally 
contain one or more O, S or NR^ groups, or R' and R^ together with the nitrogen atom to 
which they are attached form a 3,4-dihydroisoquinoline ring or a S- or 6-membered 
saturated ring optionally containing a further S or N atom and optionally substituted by 
a groi^ -(CH2)i,-R^ where p is 0 to 3 and R* is Ci^ alkyl, CONRV where R^ and R' are 
indq>endently hydrogen, Ci^ alk^ which can optionally contain one or more O, S or NR^ 
groups, or together witii flie nitrogen atom to i^diich they are attadied form a 5- or 6- 
membered saturated ring optionally containing a further O, S or NR^ group; 
or R^ is a 4 to 7-membered saturated ring optionally containing one or more 0, S or N 
atoms, or an aryl or heteroaryl group containing one to four heteroatoms selected ftom O, 
S or N, the saturated ring, aryl and heteroaryl groups all being optionally substituted by 
halogen, amino, hydroxy, cyano, nitro, carboxy, CONRV, S02NR^R^ S02R\ 
trifluoromethyl, NHS02R^ NHCOR^ Ci-6 alkyl. Cm alkoxy, SR^ or NR^R^ Vhere R' and 
R**^ are independraitly hydrogen. Cm alkyl or together with the nitrogen atom to which they 
are attached form a 5- or 6-membered saturated ring optionally containing a furtiier O, S or 
NR^ group; 
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is hydrogen or Ci-6 alkyl; 
R"* is hydrogen or Ci-6 alkyl; 

R^ is hydrogen, Cj^ alkyl or Ca^ cycloalkyl bofli of which can optionally contain one or 
more O, S or NR^ gn>ups or R^ is arjd or a 5- or 6-membaed heteroar^ groi3?) containing 
one or two heteroatoms selected from O, S or N, the aryl and heteroaryl gro\q>s all being 

7 8 

optionally substituted by halogen, amino, hydroxy, cyano, nitro, caiboxy, CONR R , 
SOjNRV, S02R^ trifluoromethyl, NHS02R^ NHCOR^ alkyl. Cm alkoxy, SR^ or 
NR^^° where R' and R^^ are independently hydrogen, alkyl or together with Ae 
nitrogen atom to which they are attached form a 5- or 6-membered saturated ring 
optionally containing a further O, S or NR^ group; 

or R^ and R^ togetha: form a 5- or 6-membered saturated ring optionally containing a 
further O, S or NR^ group and optionally substituted by , Ci-6 alkyl; 

and pharmaccutically acceptable salts or solvates thereof in the manufecture of a 
medicament for use in the inhibition of Cathq)sin S in a warm blooded animal, such as 
man. 

2. Use according to claim 1 in which A is a cyclohexane ring. 

3. Use according to claim 1 or 2 in which R* and R^ together with the nitrogen atom to 
which they are attached form an unsubstituted morpholine ring or a piperidine ring 
substituted by a group -(CH2 whoc p and R^ are as defined in claim 1 

4. Use according to any one of claims 1 to 3 in which R^ is hydrogen. 

5. Use according to any one of claims 1 to 4 in which R^ is hydrogerL 

6. Use according to any one of claims 1 to 5 in which R^ is hydrogen or phenyl 
optionally substituted by alkyl or Ci-6 alkoxy. 

7. Use according to any one of claims 1 to 6 where the coocqraund of formula (I) is 
selected from: 
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(lR^R)-N-[Cyano(2-me4oxypheQj4)methyl]-2<moipholin-4- 
^caibonyl)cycIohexanecaiboxamide, 
(lR^R>N-[Cyano(2-meflioxyphenyl)methyl]-^^ 
yl]caiboDyl}cycloh»ane caiboxamide, 

(lR,2R)-N-[Cyano(2-meflioxyphenyl)methyl]-2<3,4-daiydn)isoq^ 

ylcarbon)1)cyclohexanc caiboxamide, 

(±) Trans-N-<cyanomethyl)-2-{[4-{4-fluorobenzyl)piperazin-l- 

yl]carbonyl} cyclohexanecarboxamide, 

(±)Tran$-N-[cyano(2-meAox)phenyi)methyi]-2-[(4-meth^^ 

yl)carbonyl]cyclohexanecarboxamide, 

(lR,2R>N-[Cyano(2-methox>T)henyl)methyl]-2-{[4-(4-fhioi^^ 
yl]caiboDyl}cyclohexane caiboxamide, 
(lR,2R>N-(4<:yano-l-mefliylpiperidin-4->d)-2-{[4^4-fluoix^^ 

yl]caibonyl}cycIohexane caiboxamide, 

and phannaceutically acceptable salts thereof 

8. A compound of foraiula (I) as defined in any one of claims 1 to 7 for use in therapy. 

9. A pharmaceutical composition which conq>rises a conq>ound of the formula (I) as 
defined in any one of claims 1 to 7 or a phaimaceutically acceptable salt thereof and a 
pharmaceutically acceptable diluent or earner. 

10. A m^od for producing inhibition of a cysteine protease in a mammal, such as man, 
in need of such treatment, which comprises administering to said mammal an effective 
amount of a compoimd of the present invention as defined in any one of claims 1 to 7, or a 
pharmaceutically acceptable salt thereof 

11. A method for producing inhibition of a cysteine protease in a mammal, such as man, 
in need of such treatment, which comprises administering to said mammal an eflBxtiYe 
amount of a con^und as defined in any one of claims 1 to 7, or a pharmaceutically 
acceptable salt thereof 
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12. A method for treating pain, such as neuropathic pain, in a mammal, such as man, in 
need of such treatment, which conq)rises administering to said mamm al an efifective 
amount of a conq)ound as defined in any one of claims 1 to 7, or a pbaimaceutically 
accq)table salt Ihmof. 
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uttio, 10 apply ivf una uv ^roiiitnj 0 

patent (Rules 4.17(11) and 51bls.1(a)(li)). 
In a case wliere the dedafaSon under 
Rule 4.17(lv) Is not appropriate: 
Name: 


in relation to this international 
application 

ASTR&ZENECA AB 

is entitled to apply £or and be granted 
a patent by virtue of the following: 


Vlll-2-1 
Ov) 




an assigmnant from BAIUSYr Andrew to 
ASTRAZENECA AB, dated 12 August 2002 
(12.08.2002) 


VIU-2-1 
Civ) 




an assignment from PAZXt&!OnBAn, Garry to 
ASTRAZSRBCA AB, dated 16 August 2002 
(16.08.2002) 


VUI-2-1 
(IV) 




an assignment from PATEL, Anil to 
ASTRAZENECA AB, dated 12 August 2002 
(12.08.2002) 


Vlll-2-1 
Ov) 




an assignment from THOM, Stephen to 
ASTRAZENECA AB, dated 12 August 2002 
(12.08.2002) 


Vlll-2-1 


This dedaration is made for the 
purposes of: 


all designations except the designation 
of the Uhited States of America 



